ABSTRACT
INTRODUCTION
Treatment of localized prostate cancer by radical prostatectomy or radiotherapy can be curative. The removal of the prostate and surrounding tissues can lead to urinary incontinence. Even in recent series, its prevalence varies from 6% to 20% (1) (2) (3) . There are few long term complications which are as inconvenient or annoying as urinary incontinence. In addition to the adverse impact on the social life of affected patients, there are also the economic consequences of urinary incontinence for these individuals and for public and private health care systems (4) .
Because of its high prevalence after radical prostatectomy, understanding the pathophysiology of urinary incontinence has become the focus and aim of many studies (5) (6) (7) . In this pursuit, functional imaging has emerged as an important instrument in the search for pre-and post-operative anatomical and physiological differences, which might help reduce treatment failure and suggest which treatment method is most appropriate for each patient.
Ultrasound has become an important procedure in the diagnostic evaluation of female urinary incontinence and functional disorders of the pelvic floor, replacing radiation based procedures. Hypermobility of the proximal urethra is related to the functional integrity of structures surrounding the proximal urethra. The demonstration of the mobility of the proximal urethra is thus one of the most important considerations in the evaluation of female urinary incontinence (8) .
Beyond the physical examination and functional testing such as urodynamics, perineal ultrasound is considered an important tool in the diagnosis of female urinary incontinence, since it is noninvasive, avoids ionizing radiation, is well tolerated and provides useful information about the anatomical structures involved in this condition as well as surrounding pelvic organs (8) .
Perineal ultrasound can also be used as a visual aid for biofeedback and as treatment control. However, this imaging method gives incomplete representation of the entire bladder and a less than ideal assessment of bladder neck funneling (8) .
The standardization of perineal ultrasound is well established in the assessment of female lower urinary tract (8, 9) . However, only four studies using perineal ultrasound in men are encountered in the literature, and just one of them evaluated urinary incontinence following radical prostatectomy (10-13).
OBJECTIVE
Use perineal ultrasound to compare the findings of dynamic evaluations of the urethra and pelvic floor contraction in men without a history of prostate surgery with men who has undergone radical prostatectomy with and without stress urinary incontinence.
MATERIALS AND METHODS

Patients
The study received institutional review committee approval and was carried out in accordance with the ethical standards of each hospital's institutional committee on human experimentation. Patients were enrolled in this study after approval of local ethics committee. Informed consent was obtained from all participants.
This cross-sectional cohort study initially involved 126 male patients recruited at two research centers, of which 34 were excluded. The 92 subjects included in the analysis had a mean age of 66.4 years (range from 47 to 75), and 70% of them has undergone open radical prostatectomy (RP) at least 12 months earlier. Thirty-one men with post-prostatectomy incontinence were compared to thirty-four patients without post prostatectomy incontinence and to twenty seven men with no prior history of prostate surgery.
Age and Body Mass Index (BMI) were recorded for all patients. Incontinent patients were stratified according to the degree of incontinence as measured using the 24h Pad test: light: 0-100g; moderate: 100-400g; severe >400g) (16, 17) . Urinary tract infections were ruled out by urine culture in all subjects prior to the ultrasound examination. Urodynamics testing and the 24h Pad test were performed in all subjects in the incontinent group prior to the ultrasound examination.
Exclusion criteria included prior pelvic radiotherapy, low bladder compliance, urethral stricture, significant neurological disease or poorly controlled diabetes, presence of active infection, pelvic trauma with urethral injury, previous surgery for the treatment of sphincter urinary incontinence, and bladder overactivity unresponsive to medical management.
Methods
Ultrasonography images were obtained and assessed by a single examiner at both teaching hospitals. A SONACE 8000SE Medison, with an abdominal 2.0 to 5.0 MHz convex transducer was used at the Pedro Ernesto University Hospital. A Toshiba Xario with an abdominal 3.0 to 6.0 MHz convex transducer was used at the University of Campinas Hospital.
In a supine position, patients were investigated with their legs bent and slightly rotated outwards, similar to the lithotomy. Images were reproduced in a standing position only in cases where there was a failure to demonstrate funneling of the bladder neck (8, 9) .
The transducer was placed on the perineal area in a sagittal orientation, to obtain images of the pubic symphysis, bladder, bladder neck and urethra (13, 16) . Ultrasound assessment of the male bladder is best achieved when the urine volume is at least 300 mL. If a subject -particularly in the incontinent group -was unable to maintain this volume, an infusion of 0.9% normal saline via Foley catheter was performed. The catheter was promptly removed before measurements were obtained (8, 16) .
During the examination, we were able to evaluate the mobility of the proximal urethra, urethral angle, funneling of the bladder neck, and voluntary contraction of the pelvic floor, following standardized criteria under three conditions: at rest, during contraction and during a Valsalva maneuver (8, 9, 13, 17) .
The extent of dilatation of the proximal urethra was gauged by measuring the funneling index during the Valsalva maneuver and at rest. The funneling index is calculated as the product of the width in millimeters of the bladder neck and the depth to the apex of urethral dilation (13, 18) (Figure-1 ).
The position of the bladder neck was determined at rest, during the Valsalva maneuver and during pelvic floor contraction. Measurements were made using an XY coordinate system, with the pubis as the reference point. The X axis was drawn by a line on the upper edge of the pubic symphysis. The Y axis was drawn perpendicular to the X axis at the upper edge of the pubic symphysis.
For exact positioning of the bladder neck, we used the most proximal urethral wall, in the immediacy of the bladder. We calculated the anterior and the posterior bladder neck mobility under conditions of rest, pelvic floor contraction and Valsalva maneuver. The movement of the bladder neck was calculated by the following formula: √(x2-x1)²+(y1-y2)², where x1 and y1 represent the rest coordinates (8, 9, (16) (17) (18) (19) (Figure 2) .
The presence of an intact prostate in control group subjects made it technically difficult to evaluate the bladder neck during the ultrasound examination. To address these challenges we added two more measurements: urethral angle and distance of the pubis. The urethral angle was defined as the angle formed by the anterior wall of the penile urethra and the anterior wall of the bulbar urethra, and was measured at rest, during Valsalva, and maximum contraction (Figure-3 ). The pubis distance was defi ned as the distance between the pubis and the anterior wall of the bulbar urethra through an imaginary line which bisects the pubic symphysis (Figure 4) .
Normal contraction was confi rmed by correct cranioventral displacement of pelvic structures. During the ultrasound examination, all patients were asked to perform three voluntary maximal contraction efforts of the pelvic fl oor muscles for ten seconds and then relax. The greatest displacement was used as the basis for calculating the previously described measures (20) . The data were analyzed using one--way ANOVA or Kruskal-Wallis ANOVA with statistical signifi cance defi ned at the 5% level (p<0.05). 
RESULTS
Table-1 provides the mean, standard deviation (SD) and median baseline values for each variable by group (non-surgery, continent and incontinent) and the corresponding descriptive level (p value) of the one-way ANOVA (age, BMI, urethral angle and distance from pubis) or Kruskal-Wallis ANOVA. Dunnett's (parametric) multiple comparison test was used to identify which group (continent or incontinent) differed signifi cantly from the non-surgery group. Employing Dunnett's test, the continent group had a urethral angle that was signifi cantly smaller than the non-surgery group at rest. Employing the one-way ANOVA, there was a statistically signifi cant difference in the urethral angle at rest across groups (p = 0.0002).
With Kruskal-Wallis ANOVA, there was no signifi cant difference of the urethral angle and distance of the pubis across the three groups during contraction or with Valsalva in relation to "at rest". Table-2 provides the mean, standard error (SE) and median variations of anatomical parameters in relation to "at rest" according to group figure 4 -Pubis distance in a patient with prostate during contraction. The distance between the pubis and the anterior wall of the bulbar urethra through an imaginary line which bisects the pubic symphysis. Anterior bladder neck displacement during contraction was significantly smaller in the incontinent group than the continent group (p=0.008). There was no significant difference in other variations between the two groups.
Table-3 provides the mean, standard error (SE) and median variations of anatomical parameters in relation to "at rest" for three groups (continent, mild/moderate incontinent and severe incontinent) and the corresponding descriptive level (p value) of the Kruskal-Wallis ANOVA.
There was a statistically significant difference in anterior bladder neck displacement during contraction across groups (p = 0.022). Using Dunnett's multiple comparison test, only the severe incontinent group showed anterior bladder neck displacement during contraction that was significantly smaller than the continent group.
DISCUSSION
Urinary incontinence remains a major concern for patients undergoing radical prostatectomy. Even in recent series, its prevalence can vary from 6% to 20% in the late postoperative period (1-3). This work was a cross-sectional study and one possible limitation was that patients in the non--surgery group were not similar to those that were evaluated after radical prostatectomy. The male sling has emerged as a possible treatment for patients with urinary sphincter incontinence after prostate surgery. However, several studies have shown that patients with severe incontinence did not obtain results as satisfactory as those patients with mild to moderate incontinence (21-23). Fischer et al. observed in 62 patients, those who had a 24h pad test <423g showed a success rate six times higher than those who had a test >423g (15) .
In our study, we observed that the incontinent group had anterior bladder neck displacement during contraction that was significantly smaller than the continent group (p=0.008). However, when we divided the incontinent group into mild/ moderate and severe incontinence subgroups, we observed that there was a statistically significant difference between them. Only the severe incontinent subgroup (24h pad test >400g) showed significantly less displacement of the anterior bladder neck than the continent group during contraction (p=0.022). These ultrasound findings are consistent with the literature and may explain the surgical results of the study by Fischer, et al. (15) .
We also observed a significant difference in the urethral angle at rest between the groups (p=0.0002). We found that the continent group had a urethral angle at rest that was significantly smaller than the urethral angle of the non-surgery group. Perhaps this difference may be one of the key factors responsible for the success of the male sling in the treatment of male urinary incontinence. There are no published perineal ultrasound data which establish parameters are important for evaluation of urinary incontinence after radical prostatectomy. Only four studies using perineal ultrasound in men were found in the literature, and just one of them evaluated urinary incontinence after radical prostatectomy (10-13).
Stafford et al. measured the contraction of the pelvic floor muscles, clearly defining the displacement of the urethrovesical junction, ano--rectal junction and distal urethra in healthy young men (10, 12) . Davis et al. measured men with chronic pelvic pain syndrome and concluded that men with pain had a smaller ano-rectal angle compared to men without pain (11) . Kirschner-Hermanns et al. performed a study on men after radical prostatectomy. They observed that 81% of the incontinent men had good or excellent voluntary muscle contraction compared to only 50% of continent men (13) . There are only limited data comparing anatomical and physiological changes in men before and after radical prostatectomy. Normal perineal ultrasound parameters for males are not well established; we hope the findings presented here will foment further studies.
Two-dimensional perineal ultrasound provides more detail about the pathophysiology underlying urinary incontinence after radical prostatectomy. It can also be used as a visual aid for biofeedback by teaching correct pelvic floor muscle contraction in men with stress urinary incontinence after radical prostatectomy. The diagnostic precision it affords could reduce treatment failure by predicting which treatment method should be the most suitable for each patient.
This work was a cross-sectional study; one of its strong points is that the results can be generalized to other situations and to other people (external validity). We can infer that our conclusions can be actually applied in other geographic locations, since the sample showed heterogeneity. Moreover, considering the study design, observational studies may be better able to reflect outcomes obtained in everyday practice. We acknowledge that future studies should to be performed in order to obtain ultrasound measure of bladder function prior to surgery so that they can be compared with the postoperative findings.
CONCLUSIONS
Perineal ultrasound is a noninvasive procedure that can be recommended for evaluation of post-prostatectomy urinary incontinence. We found that the continent group had a smaller urethral angle at rest than the group with an intact prostate. We also observed that the incontinent group demonstrated significantly less anterior bladder neck displacement during contraction than the continent group. This was more evident when the severe incontinent group was compared with the continent group.
